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6,7-Dideoxy-a-D-gluco-heptose 7-phosphonic acid (I), the isosteric phosphonate analogue of glucose 6-phosphate (II), was previously synthesized by treatment of the crude 6-aldehydo sugar benzyl 2,3,4-tri-O-benzyl-a-Dgluco-hexodialdo-1,5-pyranoside (III) with the Wittig reagent diphenyl triphenylphosphoroanylidinemethylphosphonate (Jones et al., 1968) , followed by transesterification of the reaction product to the fully benzylated compound and catalytic hydrogenolysis to the free phosphonic acid (I). The method suffers from the major disadvantage that diphenyl triphenylphosphoroanylidine-methylphosphonate is difficult to prepare, involving reaction of the unreactive triphenylphosphine with diphenyl chloromethylphosphonate, itself not readily available. Moreover, the transesterification step, necessary because of the unpredictable behaviour of phenyl esters in hydrogenolysis reactions , requires a column-chromatographic separation of product from benzyl alcohol and proceeds in relatively low yield. An alternative synthetic route to the phosphonate (I) is now described (Scheme 1). This avoids the diphenyl ester intermediate, proceeding instead via the corresponding diethyl derivative (IV), which is more readily prepared and undergoes ready dealkylation to the phosphonic acid in the presence of bromotrimethylsilane.
Method
Benzyl 2,3,4,-tri-O-benzyl-6,7-dideoxy-a-D-glucohept-6-enopyranoside 7-phosphonic acid diethyl ester (IV) n-Butyl-lithium (15 ml) was added dropwise to a solution of tetraethyl methylene-diphosphonate (9 g Williams (1947) as modified by Kosolapoff (1953) ] in tetrahydrofuran (150ml) at -100C. After 20min the crude 6-aldehydro derivative, benzyl 2,3,4-tri-O-benzyl-a-D-gluco-hexodialdo-1,5-pyranoside (III) (16g) , was added to the reaction mixture, which was gently shaken and stored overnight at 220C under an atmosphere of N2. Production of the diethyl phosphonate was monitored by t.l.c. {RFO.3 [light petroleum (b.p. 60-800C)/ether, 1:3, v/vI }, and portions of n-butyllithium were added until the reaction appeared to be complete. The reaction mixture was poured into water and extracted with ether. The ether extracts were combined, dried (over MgSO4) and concentrated to give the crude diethyl ester, which was applied to a column (40 cm x 3 cm) of silica gel and eluted with light petroleum (b.p. 60-800C)/ether (1:3, v/v). Fractions containing the product (monitored by t.l.c.) were collected and concentrated to give benzyl 2,3,4-tri-O-benzyl-6,7-dideoxy-a-Dgluco-hept-6-enopyranoside 7-phosphonic acid diethyl ester (IV) (7.0g, yield 96%). N.m.r. data The partially purified diethyl ester (IV) (7.0g) was mixed with bromotrimethylsilane (2.3 g, 1.5 mol. equiv.) (Gilliam et al., 1946 ) and stored at 220C for 16h under an atmosphere of N2. Completion of the reaction, as judged by disappearance of starting material from t.l.c. chromatograms, was assured by portion-wise further addition of bromotrimethylsilane. The completed reaction mixture was poured into a large excess of water (300ml), and acetone was added to obtain a homogeneous solution, which was extracted with chloroform. The combined chloroform extracts were dried (over MgSO4) and concentrated to give a brown residue, which was crystallized from benzene/light petroleum (b.p. 60-800C) to give benzyl 2,3,4-tri-O-benzyl-6,7-dideoxy-a-D-gluco-hept-6-enopyranoside 6,7-Dideoxy-a-D-gluco-heptose 7-phosphonic acid () A solution of the benzyl 2,3,4-tri-O-benzyl-6,7-dideoxy-a-D-gluco-hept-6-enopyranoside 7-phosphonic acid (3.4g) in ethanol (150ml) containing a few drops of trifluoroacetic acid was hydrogenolysed over 10% palladium on charcoal at room temperature and atmospheric pressure until H2 uptake ceased (uptake 700ml, theoretical value 653 ml). The solution was filtered through Celite and concentrated to give 6,7-dideoxy-a-D-gluco-heptose 7-phosphonic acid (I) (1.3 g, yield 90%) as a hygroscopic white solid. Both n.m.r. and i.r. spectra showed a complete absence of benzyl groups and were indistinguishable from those of the compound previously prepared by Adams et al. (1976) . Moreover, the product (I) behaved as a substrate for yeast glucose 6-phosphate dehydrogenase, showing kinetic parameters identical with those obtained for the compound synthesized by the previously described method.
Discussion
The improved synthesis avoids a number of problems associated with the preparation and deblocking of the unsaturated diphenyl phosphonate by using the stable diethyl ester. Dialkyl esters of this type are traditionally difficult to convert into the free acid, but bromotrimethylsilane, used by McKenna et al. (1977) to de-esterify a range of simple dialkyl phosphonates, was found also in the present case to yield smoothly the phosphonic acid, which was readily hydrogenolysed to the required analogue of glucose 6-phosphate. The overall synthesis from D-glucose proceeded in 23% yield [cf. 14% )1 and proved to be both faster and more reliable than the previously described method.
